The polymerase chain reaction (PCR)-based mRNA differential display (3) has been widely used for identifying differentially expressed mRNA in a variety of biological systems (4) . mRNA differential display consists of two basic steps: (i) reverse transcription (RT) using a set of 3 ′ -anchored primers, T 12 MN (M = G, A or C; N = G, A, T or C) and (ii) PCR amplification of cDNA fragments using an arbitrary upstream primer in combination with the downstream anchored primers. Since the initial discovery of this technique, significant modifications have been made to improve the overall quality of differential display (4) , including the reduction of false-positives and the labor-intensive nature of the work. For example, the modification on downstream primers, such as the use of a singlebase anchored primer (i.e., T 11 M) (5) , reduced the redundancy of anchored primers, and the use of longer primers (18-20-mers) for both up-and downstream primers (2, 11) reduced the incidence of false-positives and enabled direct sequencing of the PCR products. We describe the use of a single, specially designed downstream primer as an alternative approach for both RT and differential display PCR, which not only reduces the labor-intensive nature of the work, but also allows us to target specific genes of interest.
The specific 3 ′ downstream primers (5 ′ -NNNNNTTTATT-3 ′ or 5 ′ -NNNN-NNTAAAT-3 ′ ) described in the present study were designed according to the polyadenylation signal AATAAA, which is common for almost all the mRNA species with a poly(A) tail (7), or a motif for short-lived mRNAs (8) , ATTTA, that has been found in several oncogenes, cytokines and genes involved in signal transduction pathways. These sequence motifs were extended for 5 or 6 bases at the 5 ′ end of the primers to meet the essential requirement for differential display amplifications (3). For differential display analysis, total cellular RNA was isolated from cultured rat aortic smooth-muscle cells (10) , rat ischemic cortex (9) or from cultured human macrophages stimulated with oxidized low-density lipoprotein (LDL) (6), as described in detail previously. The RT reaction was carried out in the presence of either of these specifically designed 3 ′ primers using the RNAimage ™ Kit (GenHunter, Nashville, TN, USA). Specifically, the reaction was performed in a volume of 20 µ L, containing 0. The band indicated with an arrow (N2) was isolated, re-amplified and used for Northern blot analysis, as described in detail previously (10) . The housekeeping gene, ribosomal protein L32 (rpL32), was used to show the differences of total cellular RNA loaded in each lane. mM MgCl 2 and 0.01% gelatin), 1.6 µ L 25 µ M dNTP, 2 µ L RT products and 0.2 µ L AmpliTaq ® DNA Polymerase (5 U/ µ L) for 40 cycles as follows: denaturation at 94°C for 30 s, annealing at 40°C for 2 min, extension at 72°C for 30 s followed by 1 cycle of extension at 70°C for 10 min. The PCR products were resolved in an 8 M urea, 6% polyacrylamide DNA sequencing gel using a GenomyxLR ™ DNA Sequencer (Genomyx, Foster City, CA, USA) and analyzed by autoradiography.
To test the sensitivity of the 3 ′ anchored primers for differential display and to define the optimal amplification conditions, a series of pilot experiments was performed using various amounts of RNA (0.625-40 ng/reaction) ( Figure  1A) or by various amounts of the 3 ′ primers (25-200 ng/reaction) ( Figure  1B) following the standard conditions as described above. As expected, several bands showed RNA concentrationdependent amplifications. In contrast, the dose-dependent effects of primers appeared to be biased; i.e., some bands were readily amplified at lower primer concentration and some at higher concentration, while others did not show increased amplification at all ( Figure  1 ). Based on these data, we selected 100 ng/reaction as the standard for the differential display PCR. Figure 2A illustrates a representative autoradiograph of differential display PCR under standard conditions to examine the differentially expressed genes in cultured macrophages stimulated with oxidized LDL. A band designated N2 was significantly induced in macrophages by oxidized LDL on the differential display gel (Figure 2A) . A similar induction pattern of N2 was confirmed using Northern blot analysis as depicted in Figure 2B . Our results also demonstrate that both 5 ′ -NNNNNTTTATT-3 ′ and 5 ′ -NNNNNNTAAAT-3 ′ downstream primers could be used for differential display to identify the differentially expressed genes in both tissues and cultured cells (data not shown). To evaluate the efficiency of the specific primer targeting either the ATTTA or the AATAAA motif, we subcloned cDNA fragments from differential display gels into a pCR ® II vector (Invitrogen, Carlsbad, CA, USA) and sequenced using a universal primer (T7 or M13 reverse). Six out of ten bands were demonstrated to contain the specifically targeted motifs.
The use of a single downstream primer for differential display has the advantage over preexisting protocols of using either four (3), three (5) or twelve (1) 3 ′ anchored primers, which reduces the number of reaction tubes, thereby decreasing labor intensity. Using a similar strategy, other specific 3 ′ anchored primers can be generated based on unique sequence motifs, which may allow us to identify those genes of interest that are differentially regulated. It should also be pointed out that occasionally the use of a single 3 ′ anchored primer for differential display can result in too many bands to be resolved on the sequencing gel, which may Benchmark s complicate analysis, including sequencing and subcloning. In such a situation, the use of multiple 3 ′ anchored primers is recommended. Nevertheless, the use of the single 3 ′ anchored primers for differential display, as illustrated in this work, should provide a valuable alternative for the discovery of differentially expressed genes marked by reduced labor and costs. The telomere is the terminal structure at the ends of all linear eukaryotic chromosomes. It consists of tandem arrays of short repeat sequences with the G-rich strand running 5 ′ to 3 ′ towards the end of the chromosome. DNA sequences adjacent to the telomere (telomere-associated sequences [TASs]) contain complex repeats and multiple genes. Telomere DNA and TAS are difficult to clone and are underrepresented in conventional DNA libraries not only because in the telomeric region there are rare restriction enzyme sites, but also because telomere repeats make clones unstable in E. coli .
Many methods for cloning telomeres and TASs have been developed. The most successful technique for cloning large expanses of subtelomeric DNA from vertebrates is rescuing the telomere region ligated to yeast artificial chromosome (YAC) vectors in yeast cells (3, 4, 6) . However, this method is difficult and time-consuming. Several simple approaches have been developed for cloning short and modest lengths of subtelomeric regions. The blunt-end ligation method has been widely used in many laboratories for this purpose (1, 2, 5, 7, 11, 14) . Several polymerase chain reaction (PCR)-based approaches have also been developed for cloning telomeres and TAS: (i) anchored PCR (9), (ii) affinity capture and PCR (8) , and (iii)a polymerasemediated telomeric primer extension reaction (12). These methods often require steps such as: (i) the isolation of high-molecular-weight fragments from restriction enzyme-digested genomic DNA followed by linker ligation (9); (ii)selection of telomeric fragments from Not I-digested and lambda exonuclease-resected genomic DNA by annealing to a biotinylated riboprobe containing telomere repeats and releasing the captured DNA by ribonuclease action (8); or (iii) inefficient primer extension, blunt ending and adaptor ligation (12). Many of these methods are not only time-and labor-consuming but are also often inefficient.
Based on a method of randomprimed/anchored PCR described by Whitcomb et al. (13) that was initially designed for the generation of nested deletions for DNA sequencing, we developed a simple and efficient method called primer-tagged amplification (PTA) to isolate a larger number of telomere-derived sequences. It contains two improvements. First, novel random primers were used to generate primertagged genomic DNA fragments that can act as templates and be used for amplification of telomere-associated sequences. Second, a telomere-derived primer combination (telo32-18) was used to tag the telomere repeats and initiate the efficient amplification of TASs. Using this technique, we successfully amplified and cloned a large number of TASs from the genomic DNA of three Leishmaniastrains and extended a TAS region.
The basic concept of this strategy is to use a partially degenerated oligonucleotide primer to generate a pool of primer-extended sequences from genomic DNA. PCR amplification of unknown sequence is carried out using the primer-tailed DNA pool as template and using the tagged primer in combination with a specific primer (here a telomerederived primer). Two partially degenerated primers, RP and 6-MW, were used in our experiments. The RP primer (CGCGGATCCGAATTCTATNNNN-NN) consists of a unique 5 ′ -end sequence suitable for PCR amplification (using H primer CGCGGATCCGAAT -TCTAT) with Eco RI and BamHI sites suitable for cloning and a random hexa -
